. Introduction {#s01}
==============

Diffuse large B-cell lymphoma (DLBCL) accounts for 30% of non-Hodgkin's lymphoma (NHL) diagnosed in adults^[@b1]^. In Egypt, DLBCL is the most common subtype of NHL and represents roughly 54.4% of NHL cases at the National Cancer Institute, Cairo University^[@b2]^. Based on the pathology-based registry of Ain Shams, Faculty of Medicine (2001--2010), NHL cases constituted 73.4% of all lymphoma cases and DLBCL represented 44.8% of them^[@b3]^. DLBCL is a heterogeneous group of tumors with different biological and clinical characteristics, emphasized by the diverse clinical outcome of the patients^[@b4]^.

A survival-predictor score based on a multivariate model derived from the germinal center B-cell, stromal-1, and stromal-2 gene expression signatures has the capability of predicting survival among patients with DLBCL treated with R-CHOP (rituximab plus cyclophosphamide, doxorubicin, vincristine and prednisone). Although the "stromal-1-signature" that is related to extracellular matrix deposition and histiocytic infiltration is prognostically favorable, the angiogenesis-related signature (stromal-2 signature) is associated with an unfavorable outcome^[@b5]^.

A subset of macrophages expresses one of the markers that are present in the stromal-1 panel called SPARC (secreted protein, acidic and rich in cysteine)^[@b6]^. SPARC-induced changes in the tumor microenvironment can suppress or promote progression of different cancers depending on the tissue and cell type^[@b7]^.

Biological factors that predict the survival of patients with DLBCL, such as cell of origin and stromal signatures, have been discovered by gene expression profiling. Biologic prognostic model (BPM) is an attempt to simulate this profiling via immunohistochemistry^[@b8]^. In this model, low scores are related to germinal cases, those with high SPARC (stromal signature-1), and low microvessel density (stromal signature-2); by contrast, high scores represented the opposite features.

In the present study, we aimed to assess the significance of stromal-1 signature via SPARC-1, stromal-2 signature via CD31 expression, and finally BPM in 60 cases of DLBCL; these were classified into germinal and non-germinal subtypes by using Han's algorithm.

. Patients and methods {#s02}
======================

This retrospective selective study was performed on 60 cases of DLBCL and 11 cases of reactive follicular hyperplasia as a control group. The cases were retrieved from the archive of the Pathology Department, Faculty of Medicine, Menoufia University. The cases received treatment in Menoufia Cancer Institute during the period between January 2009 and March 2015. These cases were selected based on the availability of paraffin-embedded blocks and clinical data of patients. The study was approved according to the institutional ethics of Faculty of Medicine, Menuofia University.

Clinical data of the patients were retrieved from hospital records that included age, gender, maximal tumor size of affected lymph node, splenic involvement, bone marrow involvement, B symptoms, performance status, revised IPI, age adjusted IPI, staging, LDH level, recurrence, and response to therapy.

The patients received cyclophosphamide, hydroxydaunorubicin, oncovin, prednisolone, and rituximab. Response to therapy was evaluated following the criteria described by Cheson et al.^[@b9]^, who divided the response into complete and incomplete responses in which the latter included partial response, stable, and progressive diseases. Patients were evaluated for response to therapy at the end of 6 months of treatment; such data were available for 48 patients.

. Overall survival {#s02.01}
------------------

Follow-up data were available for 44 patients where overall survival time was calculated from the date of diagnosis until death or the last contact with patient.

. Histopathological evaluation of cases and immunohistochemical staining {#s02.02}
------------------------------------------------------------------------

Several 4-micron thick sections were cut from each block. Hematoxylin and eosin staining was performed to confirm the diagnosis and evaluate effacement, capsular and perinodal fat invasion, necrosis, and mitotic figures count. The method used for immunostaining was a streptavidin-biotin-amplified system. The primary antibodies used were mouse monoclonal antihuman CD10 (ready to use antibody, Cat. \#No.081287, Labvision, USA), BCL6 (ready to use antibody, Cat. \#MS-1114-R7, Labvision, USA), MUM-1 (concentrated antibody, Cat. \# MA1-25525, Labvision, USA, Diluted as 1:100), CD31 (ready to use, clone QBE, DAKO), and SPARC (H-90, SANTA CRUZ, Cat. \#.25574, diluted as 1:100). The slides were subjected to subsequent steps of deparaffinization and rehydration. Antigen retrieval was performed by boiling in citrate buffer saline (pH 6) followed by cooling at room temperature. The primary antibodies were incubated overnight at room temperature, and then the secondary antibody (Ultravision detection system anti-polyvalent HRP/DAB, ready-to-use, Neomarker) was applied with DAB as a chromogenic substrate and Mayer's hematoxylin as a counter stain. Kidney tissue and hemangioma were used as a positive control for SPARC and CD31, respectively. Replacement of the primary antibody step by a blocking buffer was included in the staining procedure as a negative control. Classification of cases into germinal center and non-germinal center cases was applied using Han's algorithm, which depended on the immunoreactivity for CD10, BCl6, and MUM1^[@b10]^.
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. Evaluation of mean vascular density (MVD) using CD31 immunostaining {#s02.05}
---------------------------------------------------------------------

All specimens were analyzed semiquantitatively via image analyzer software program after thorough examination of all immunostained slides. Slides were scanned in a light microscope at 40× magnifications, and three areas of maximal MVD, the so-called "hot spots, " were identified. In each hot spot, microvessels (capillaries and small venules) were counted at 400× magnification (each field representing an area of 0.375 mm^2^). For each slide, the mean number of microvessels from these three areas was calculated. The calculated figures were expressed as mean, median, and range^[@b11]^. The median value of MVD was used as the cutoff point, and then cases were classified into cases with low MVD "≤ median" and cases with high MVD "\> median." SPARC positivity was assigned when any number of non-neoplastic stromal cells showed cytoplasmic staining, evaluated as percentage of expression, and then expressed as median, mean, and range. Cases were also categorized based on extent of expression into cases with low SPARC (\<5%) and cases with high SPARC (≥5%) to be used for construction of biologic prognostic model^[@b8]^.
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. BPM {#s02.07}
-----

We used SPARC, MVD, and molecular subtyping (germinal versus non-germinal) based on Han's algorithm to construct BPM. One point was awarded for each adverse prognostic marker: non-GCB subtype, SPARC \<5%, and high MVD. After lumping of cases, two groups were delineated; one with a low biologic score (0--1) and the other with a high score (2--3) ^[@b8]^.

. Modified BPM (mBPM) {#s02.08}
---------------------

According to the result of the present study, modification on the previously described biologic prognostic model was performed. One point was awarded for the following: non-GCB subtype, SPARC ≥5%, and high MVD. After lumping of cases, two groups were delineated: one with a low biologic score (0--1--2) and the other with a high score^[@b3]^.

. Statistical analysis {#s02.09}
----------------------

Data were collected, tabulated, and statistically analyzed by using a personal computer with SPSS version 20. The χ^2^ and Fisher exact tests were used for comparisons between qualitative variables. The Mann-Whitney (U) and Kruskal-Wallis (K) tests were used for comparisons between quantitative variables. The Kaplan-Meier survival curves were used to represent the overall survival (OS) distributions. Variables significantly related to OS were then included in the multivariate Cox proportional hazard regression model. *P*≤0.05 was considered significant.

. Results {#s03}
=========

The clinical and histopathological data of DLBCL cases are presented in **Tables 1** and **2**, respectively.

. Mean vascular density (MVD) in reactive follicular hyperplasia and DLBCL {#s03.01}
--------------------------------------------------------------------------

In reactive follicular hyperplasia, MVD ranged between 15 and 159 with a mean of 75.6 and a median of 78.6. Ten (90.9%) cases showed low MVD ([**Figure 1A**](#Figure1){ref-type="fig"}), and only one case (9.1%) showed high MVD ([**Figure 1B**](#Figure1){ref-type="fig"}).

![Reactive follicular hyperplasia showing low MVD (A) and high MVD (B). DLBCL showed high MVD (C and D) (IHC staining, 100× for A and C, 200× for B, and 400× for D).](cbm-14-2-151-1){#Figure1}

In DLBCL cases, MVD ranged between 15 and 579 with a mean of 170.6 and a median of 128.5. A total of 30 (50%) cases showed high MVD, and another 30 (50%) cases showed low MVD ([**Figures 1C**](#Figure1){ref-type="fig"} and [**D**](#Figure1){ref-type="fig"}).

In germinal center DLBCL, MVD ranged between 15 and 579 with a mean of 177 and median of 120. Fifteen (50%) cases showed high MVD and another 15 (50%) cases showed low MVD. In non-germinal DLBCL, MVD ranged between 28 and 424 with a mean of 163.9 and a median of 106.7. Fifteen (50%) cases showed high MVD, and another 15 (50%) cases showed low MVD.

. Comparison between reactive follicular hyperplasia and DLBCL including both GCB and non-GCB DLBCL subgroups regarding MVD {#s03.02}
---------------------------------------------------------------------------------------------------------------------------

DLBCL cases showed higher mean and median values of MVD compared to follicular hyperplasia (*P*=0.027). Furthermore, germinal (*P*=0.028) and non-germinal DLBCL (*P*=0.028) showed higher MVD compared to follicular hyperplasia. However, MVD did not differ between germinal and non-germinal DLBCL ( **Table 3**).

. The association between MVD and the studied parameters in DLBCL {#s03.03}
-----------------------------------------------------------------

In DLBCL cases, MVD measured as quantitative values was significantly associated with splenic involvement (*P*=0.029) and high mitoses (*P*=0.045). When MVD was evaluated as low versus high using the median value as cut-off point, high MVD was found to be significantly associated with splenic involvement (*P*=0.052), high mitotic count (*P*=0.02), and presence of capsular invasion (*P*=0.035) ([**Figure 2**](#Figure2){ref-type="fig"}).

![Relationship of MVD with splenic involvement, mitotic count and infiltration of lymph node capsule in DLBCL.](cbm-14-2-151-2){#Figure2}

. SPARC immunostaining {#s03.04}
----------------------

In reactive follicular hyperplasia cases, the expression was localized to germinal centers and the extent of positivity ranged from 1% to 5% with a mean±SD of 1.54±1.43 and a median of 1 ([**Figures 3A**](#Figure3){ref-type="fig"} and [**B**](#Figure3){ref-type="fig"}). In DLBCL, the extent of positivity ranged between 1% and 60% with a mean±SD of 28.63%±17.83 and a median of 30 ([**Figure 4**](#Figure4){ref-type="fig"}).

![SPARC positive expression in follicular hyperplasia localized to reactive germinal centers (IHC staining, 100× for A and 200× for B).](cbm-14-2-151-3){#Figure3}

![DLBCL showed high SPARC in A and B and low SPARC in C (IHC staining, 100× for A, 200× for B, and 400× for C).](cbm-14-2-151-4){#Figure4}

In germinal DLBCL, SPARC positivity ranged between 1 and 60% with a mean±SD of 31.06±18.08 and a median of 32.5. In non-germinal center DLBCL, SPARC positivity ranged between 1 and 60% with a mean±SD of 26.2±17.5 and a median of 30.

. Differences between reactive follicular hyperplasia and DLBCL including germinal and non germinal subgroups as regards SPARC expression {#s03.05}
-----------------------------------------------------------------------------------------------------------------------------------------

DLBCL cases showed a higher expression of SPARC (median=30) in comparison to reactive follicular hyperplasia cases (median=1) with a statistically significant difference (*P*\<001). By contrast, no significant differences were observed between GCB and non-GCB cases regarding SPARC expression. However, GCB cases tended to show higher SPARC (median=32.5) compared with non-germinal cases (median=30) ( **Table 4**).

. Correlation between SPARC immunostaining and different clinico-pathological data of DLBCL {#s03.06}
-------------------------------------------------------------------------------------------

The extent of SPARC positivity was significantly correlated with splenic involvement, where cases with involved spleen showed higher percentage of SPARC positivity compared to cases that lacked splenic involvement (*P*=0.03) ([**Figure 5A**](#Figure5){ref-type="fig"}).

![Relationship between percentage of SPARC and spleen involvement (A). Effect of BPM on splenic involvement and response to therapy (B).](cbm-14-2-151-5){#Figure5}

. BPM {#s03.07}
-----

Constructing the biologic prognostic model showed that 42 cases (70%) were of low biologic score (0--1), and 18 cases (30%) were of high biologic score (2--3). As regards germinal DLBCL, 29 cases (96.7%) were of low score (0--1), and only 1 case (3.3%) was of high score (2--3). Regarding non-germinal DLBCL, 13 cases (43.3%) were of low score, and 17 cases (56.7%) were of high score (2--3).

. Relationship between BPM score and different clinicopathologic parameters in all cases of DLBCL {#s03.08}
-------------------------------------------------------------------------------------------------

A statistically significant association was found between splenic involvement and BPM score, where cases with high score (2--3) showed a higher rate of splenic involvement (*P*=0.04) ([**Figure 5B**](#Figure5){ref-type="fig"}). Furthermore, cases with low BPM score showed a higher rate of complete response to therapy \[23 cases (63.9%)\] in comparison to cases with high BPM score (13 cases, 36.1%) with a near statistical significance (*P*=0.08) ([**Figure 5B**](#Figure5){ref-type="fig"}).

. mBPM {#s03.09}
------

Constructing the modified BPM revealed that 46 cases (76.7%) were of low modified score (0--1--2) and 14 cases (23.3%) were of high modified score (score 3). As regards germinal DLBCL, all 30 cases (100%) were of low score (0--1--2). Regarding non-germinal DLBCL, 16 cases (53.3%) were of low score, and 14 cases (46.7%) were of high score (score 3).

. Relationship between mBPM and different clinicopathologic parameters in all DLBCL cases {#s03.10}
-----------------------------------------------------------------------------------------

A statistically significant association was found between response to therapy and mBPM score, where cases with low score (0--1--2) showed a higher rate of complete response to therapy (*P*=0.04) compared with cases with high scores.

. OS {#s03.11}
----

Survival data were available for 44 out of the 60 studied DLBCL cases (72.1%) (25 GCB and 19 non-GCB). Survival time ranged between 1 and 105 months with a mean±SD of 16.25±17.87 months and a median of 9.5 months. Seven out of 44 DLBCL cases (15.9%) died from their offending disease.

By univariate survival analysis, younger patients experienced shorter survival compared with older patients (*P*=0.02) ([**Figure 6**](#Figure6){ref-type="fig"}). Furthermore, patients with poor performance status (PS\>2) showed poorer survival compared with cases associated with good performance status (PS≤2) (*P*\<0.001) ([**Figure 7**](#Figure7){ref-type="fig"}). Using Cox regression analysis revealed the independence of performance status in affecting OS.

![The impact of age on patients' OS using log rank equation.](cbm-14-2-151-6){#Figure6}

![The impact of performance status on patients' OS using log rank equation.](cbm-14-2-151-7){#Figure7}

. Discussion {#s04}
============

Assessment of angiogenesis (mean vascular density) was performed using CD31, where MVD values were significantly lower in reactive follicular hyperplasia cases compared with all DLBCL (*P*=0.022), GCB cases (*P*=0.028), and non-GCB cases (*P*=0.028). This was similar to Ribatti et al.^[@b12]^, who reported that MVD is higher in lymphomas than in reactive nodes and is higher in aggressive than in indolent lymphomas^[@b13]^.

The microvessel number was usually low in lymphadenopathies and increased significantly in low-grade B-NHL. Intermediate-grade tumors displayed a further significant increase that mainly occurred because of their diffuse subtypes rather than to the follicular subtype; high-grade B-NHL showed the highest counts^[@b14]^. A possible reason is that angiogenesis is a multistep process that is crucial in progression and metastasis of various tumors, including those of visceral organs and hemato-lymphoid malignancies.

Angiogenesis is required by the tumor for ensuring adequate supply of oxygen and nutrients to the proliferating tumor cells^[@b15]^. However, such a result is in contrast with Aggarwal et al.^[@b16]^, who found that reactive lymphoid hyperplasia showed a significantly higher MVD than did individual NHL subgroups, except for peripheral T cell lymphoma "PTCL." These results are also contrary to Passalidou et al.^[@b13]^, who found that MVD in the paracortex of reactive nodes is higher than that in the paracortex of follicular lymphomas and is also higher than in DLBCL. They suggested that physiologic angiogenesis in the reactive nodes is more effective than the tumor-induced angiogenesis.

In the present study, high MVD in DLBCL cases was significantly associated with splenic involvement, high mitoses, and presence of capsular invasion (*P*\<0.05). Such a result was in agreement with Ganjoo et al.^[@b17]^, who found that angiogenesis and lymphangiogenesis have important roles in the development and progression of lymphoma.

The association of high MVD with poor prognostic factors in DLBCL seen in the present study and in others could be explained by the association of angiogenesis-related signatures (stromal signature-2) with unfavorable outcome^[@b5]^. Stromal-2 signature may be an "angiogenic switch" in which the progression of a hyperplastic lesion to a fully malignant tumor is accompanied by new blood-vessel formation^[@b18]^.

Previous reports suggested that non-GCB-type DLBCLs showed a higher MVD than did tumors with a GCB profile^[@b4]^; this finding was not proved in the present study. Constitutive activation of the NF-κB signaling pathway in non-germinal DLBCL could promote cell survival and proliferation and inhibit apoptosis^[@b19]^.

As regards SPARC immunostaining in the present study, DLBCL cases showed significant higher expression of SPARC (median=30) in comparison to reactive follicular hyperplasia cases (median=1) ( *P*\<0.001). This can be explained by the role of SPARC in modulating ECM assembly, integrin activity, and growth factor signaling, thereby controlling a range of cellular functions including adhesion, proliferation, survival, and migration^[@b20]^.

According to Sangaletti et al.^[@b21]^, SPARC was expressed by germinal center-associated macrophages and FDCs in reactive follicles, findings that are also seen in the present study. By contrast, its expression was redistributed to scattered mesenchymal elements and lymphoid cells in lymphomatous follicles^[@b21]^. Thus, the altered stromal features and SPARC expression may accompany common events that occur early in B-cell transformation, including the imbalance between proliferation and apoptosis in expanding B-cell clones. SPARC expression has been found to vary among the different B-NHLs, with the highest expression in DLBCL and MZL and the lowest expression in SLL/CLL^[@b21]^.

In the present study, the extent of SPARC positivity was significantly associated with splenic involvement, in which cases that involved spleen showed higher percentages of SPARC positivity compared with cases that lacked splenic involvement (*P*=0.03). This may be explained by the crucial role of SPARC in the process of tumor invasion and metastasis in certain malignancies^[@b22]^. SPARC also influenced the microenvironment and signaling pathways involved in disease progression^[@b20]^.

SPARC was reported to be an unfavorable prognostic factor in nasopharyngeal carcinoma^[@b22]^, associated with nodal and distant metastasis in gastric carcinoma^[@b23]^, involved in cell migration in endometrial carcinoma^[@b24]^, and related to transformation into aggressive forms of renal cell carcinoma^[@b25]^.

Furthermore, SPARC showed oncogenic properties in many tumor types including gliomas, astrocytomas^[@b26]^, melanomas^[@b27]^, and colorectal carcinoma^[@b28]^. Furthermore, in invasive ductal carcinoma, the expression of SPARC is enhanced in tumor tissue compared with normal controls, and an increased level of SPARC is associated with higher histological grade and advanced pathological stage^[@b29]^.

SPARC has tumor suppressor and promoter roles in certain neoplasms. In hematologic neoplasms, for example, in leukemias that do not express SPARC, such as acute myelogenous leukemia with *MLL* gene abnormalities, exogenous SPARC from the microenvironment promotes tumor suppression^[@b30]^. This suppression may occur because of decreased production of necessary growth factors, alteration of the ECM preventing tumor cell interaction, or decreased integrin production by the tumor cells, thereby resulting in altered ECM interactions^[@b31]^. Furthermore, in pancreatic carcinoma, tumor-derived fibroblasts strongly expressed SPARC mRNA and secreted SPARC protein. Treatment of pancreatic cancer cells, with exogenous SPARC resulted in growth suppression^[@b32]^. The same was reported in ovarian carcinoma, in which addition of exogenous SPARC, as well as ectopic expression by an adenoviral vector, resulted in decreased proliferation of ovarian cancer cell lines ^[@b33]^.

By contrast, lymphomas or leukemias in which the tumor cells expressed high levels of SPARC, such as mantle cell lymphoma and acute myelogenous leukemia associated with the inv16 chromosomal abnormality, high levels of SPARC are associated with increased tumor growth^[@b34]^.

As regards the biologic prognostic model originally described by Perry et al.^[@b8]^, the present study showed that cases with high biologic prognostic score (2--3) were statistically associated with a higher rate of splenic involvement (*P*=0.04). This agreed with Perry et al.^[@b8]^, who found that a higher proportion of patients with advanced-stage disease are in group "2--3" score because this group included cases with previously evidenced poorer prognostic factors such as high MVD and non-germinal molecular profiling. Furthermore, we found that cases with low BPM score showed higher rate of complete response to therapy in comparison to cases with high BPM score with a nearly statistical significance. This again agreed with Perry et al.^[@b8]^, who found that patients with a low BPM score (0--1) had a significantly better survival rate than those with a high BPM score (2--3).

Cases that have a low BPM score may have germinal center profiling, and it is a prognostically favorable profile because cell lines derived from germinal-center DLBCL have decreased activity of the NF-κB signaling pathway^[@b19]^. The transcriptional activation of genes that are associated with cell proliferation, angiogenesis, metastasis, and suppression of apoptosis appears to lie at the heart of the ability of NF-κB to promote oncogenesis and cancer therapy resistance^[@b35]^. In addition, the group with low BPM score has a higher SPARC; certain studies have demonstrated the role for SPARC in sensitizing therapy-resistant cancers^[@b36]^.

Given that the present study showed the association of high percentage of SPARC with adverse parameters such as splenic involvement, the idea of modification of BPM arises, in which high SPARC was considered an adverse feature. The modified BPM demonstrated the statistically significant effect of high score on response to therapy (*P*=0.04), which is a relationship that was not clearly statistically proved in the original BPM. This can be explained by the role of SPARC in ECM remodeling, and growth factor signaling that may enhance cellular proliferation when combined with higher angiogenesis "high MVD."

Patients with a low score (0--1) were associated with good survival, whereas those with a high score (2--3) were associated with poor survival^[@b8]^. Unfortunately, neither biologic model scores nor stromal signatures showed any effect on patient overall survival based on the present results because of small number of cases that were followed. In addition, most cases lied in the censored group.

In brief, the DLBCL microenvironment could modulate tumor progression behavior since angiogenesis and SPARC positive stromal cells promote dissemination by association with spleen involvement and capsular invasion. Biologic prognostic models, including modified BPM, which considered cell origin of DLBCL and stromal signature pathways, could determine DLBCL progression and response to therapy. Further studies are recommended to examine the prognostic role of stromal signatures and biologic prognostic models by using a large number of cases and longer follow-up.
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